Limited data on the clinical outcome of vancomycin treatment compared with that of beta-lactam treatment in patients with methicillin-susceptible Staphylococcus aureus bacteremia (MSSA-B) are available. We used different and complementary approaches: (i) a retrospective cohort study using a propensity score to adjust for confounding by treatment assignment and (ii) a matched case-control study. Of all patients with S. aureus bacteremia (SAB) in two university-affiliated hospitals over a 7-year period, 294 patients with MSSA-B were enrolled in the cohort study. The cases for the case-control study were defined as patients who received vancomycin treatment for MSSA-B; the controls, who were patients that received beta-lactam treatment for MSSA-B, were selected at a 1:2 (case:control) ratio according to the objective matching scoring system and the propensity score system. In the cohort study, SAB-related mortality in patients with vancomycin treatment (37%, 10/27) was significantly higher than that in those with beta-lactam treatment (18%, 47/267) (P ‫؍‬ 0.02). In addition, multivariate analysis revealed that vancomycin treatment was associated with SAB-related mortality when independent predictors for SAB-related mortality and propensity score were considered (adjusted odds ratio of 3.3, 95% confidence interval of 1.2 to 9.5). In the case-control study using the objective matching scoring system and the propensity score system, SAB-related mortality in case patients was 37% (10/27) and in control patients 11% (6/54) (P < 0.01). Our data suggest that vancomycin is inferior to beta-lactam in the treatment of MSSA-B.
Vancomycin is used widely for empirical treatment of patients with suspected gram-positive bacteremia, as the prevalence of methicillin-resistant Staphylococcus aureus infections has increased (20) . Occasionally, some physicians continue to administer vancomycin as the principal antibacterial treatment for confirmed methicillin-susceptible S. aureus bacteremia (MSSA-B) (20) . Previous in vitro studies demonstrated that vancomycin may be less efficient than ␤-lactam antibiotics (1, 15, 18) . However, limited clinical studies on the outcome of vancomycin treatment compared with that of beta-lactam treatment in patients with MSSA-B are available (1, 4, 6, 7, 8, 10, 18, 20, 21) . Use of a careful study design would answer this important clinical question, as prospective clinical trials on this issue are neither feasible nor ethical. We thus performed this study to evaluate the effect of vancomycin treatment compared with that of beta-lactam treatment on the outcome of patients with MSSA-B, using different and complementary approaches: a retrospective cohort study using propensity score to adjust for confounding by treatment assignment and a matched case-control study.
MATERIALS AND METHODS
Study population. This study was conducted at Seoul National University Hospital, Seoul, South Korea, and Seoul National University Bundang Hospital, Gyunggi province, South Korea. These two hospitals are university-affiliated hospitals with 1,500 beds and 900 beds, respectively. The hospitals provide specialized medical and surgical care, including bone marrow and solid-organ transplantation for adult (Ͼ15 years of age) patients.
All patients with blood cultures positive for S. aureus were identified from a retrospective review of the computerized records of the clinical microbiology laboratories between 1 January 1998 and 31 December 2006. Methicillin susceptibility was determined by the oxacillin test using criteria of the CLSI (formerly NCCLS) (17) . Only the first clinically significant episode of S. aureus bacteremia (SAB) for each patient was included in the analysis. Patients who had SAB as part of a polymicrobial bloodstream infection were excluded.
Study design. The first part of the study was a retrospective cohort study including 294 MSSA-B cases out of total SAB cases. The outcomes for 27 patients with vancomycin treatment were compared with the outcomes for 267 patients with beta-lactam treatment. The second part of the study was two matched (1:2) case-control studies. For the purpose of this study, the patients with MSSA-B treated with vancomycin are designated "cases" and those with MSSA-B treated with beta-lactam "controls".
Definitions. (i) Terms. SAB was classified as community acquired if S. aureus was isolated from blood cultures drawn within 72 h of admission and if the patient had any suggestive symptoms or signs of infection on admission (14) . Previous admission history was defined as hospitalization within 30 days before the onset of SAB. Previous antibiotic use was defined as a case in which a patient had been treated with any antimicrobial agent for more than 7 days during the month prior to the SAB. Previous surgery was defined as a case in which a patient had had an operation within the last month before the SAB (19) . Neutropenia was defined as an absolute neutrophil count of Յ500/mm 3 when bacteremia occurred.
(ii) Foci of bloodstream infection. The primary foci of infection were determined using the following definitions. Catheter-related infection was considered the source of bacteremia (11) if (a) the culture of a specimen of purulent drainage from the insertion site grew S. aureus which had the same resistance pattern as the culture isolate from the peripheral blood or the clinical signs improved within 2 to 3 days after the catheter had been removed and (b) no other source for bacteremia existed. Pneumonia was considered the source of SAB if (a) the patient had clinical symptoms and signs of a lower respiratory tract infection and (b) there was radiological evidence of pulmonary infiltrates not attributable to other causes (9) . Soft tissue infection was considered the source of SAB in cases where patients (a) had a culture of S. aureus from a tissue or a drainage specimen from the affected site and (b) had signs of infection (9) . Surgical wound infection was defined according to the definitions of the Centers for Disease Control and Prevention (5) . If a primary focus of infection could not be determined, it was considered to be unknown. Eradicated foci of infection were classified as described in a previous report (14) .
(iii) Antibiotic treatment and outcome. The vancomycin treatment group was defined as the patients for whom vancomycin or teicoplanin was used for the majority of their treatment course (more than 75% of the total duration of antibiotic treatment) (20) . The beta-lactam treatment group was defined as the patients for whom beta-lactam was used for the majority of their treatment course (more than 75% of the total duration of antibiotic treatment) (20) . The treatment outcomes of SAB were assessed at 12 weeks after the onset of SAB, according to the following criteria: cure (resolution of clinical signs of infection during therapy and no evidence of recurrent SAB within 12 weeks of follow-up), recurrence (clinical resolution of signs and symptoms of infection during therapy but recurrent SAB within 12 weeks of follow-up), non-SAB-related mortality (death due to underlying diseases or another process, with no evidence of S. aureus infection at the time of death), and SAB-related mortality (death occurring before the resolution of symptoms or signs or within 7 days from the onset of SAB and if there was no other explanation) (13, 14) .
Propensity score and matching process. Logistic regression was used to model the probability of treatment with vancomycin, based on observed baseline characteristics ( Table 1 ). The predicted probability of the model was used as the propensity score for each patient. The multivariate regression model of propensity for using vancomycin had an area under the receiver operating characteristic curve of 0.80, indicating good discrimination between patients treated with vancomycin and those treated with beta-lactam.
We conducted two matched case-control studies. One used an objective matching scoring system. Each patient with vancomycin treatment (case patient) was matched with a patient (1:2 ratio) with ␤-lactam treatment (control patient) who was selected according to age, sex, McCabe and Jackson classification of severity of underlying illness (classified as rapidly fatal when death was expected within a period of days or weeks, ultimately fatal when death was expected within a period of months or years, and nonfatal when death was not expected), main underlying disease, and length of hospital stay before SAB (stratified in four categories: Ͻ72 h, 3 to 7 days, 8 to 28 days, and Ͼ28 days) (9, 13) . To select the best control for each case patient, we used a 14-point scoring system, based on the above-listed matching variables, similar to that described elsewhere (9, 13): matching for age (three points if age difference was Յ5 years, two points if age difference was 6 to 10 years, no points if age difference was Ͼ10 years); matching for sex (two points in case of concordance, no points in case of discordance); matching for the same McCabe and Jackson classification of severity of illness as rapidly fatal, ultimately fatal, or nonfatal (three points for concordance, no points for discordance); matching for the same main underlying disease as hematologic malignancy, solid tumor, liver cirrhosis, end stage renal disease, cardiovascular disease, other diseases, or no disease (three points for concordance, no points for discordance); and matching for the same length of hospital stay before SAB (three points if in the same category as mentioned above, no points if not). The best control patient was selected on a subject-to-subject basis using the above-described scoring system. If several control patients had the same point score, two of them were selected at random. Control patients were chosen without knowledge of the patients' survival status.
For the other matched case-control study, patients who received vancomycin treatment were matched to patients who received beta-lactam treatment and had the closest propensity scores. In the case of three or more potential controls, two control patients were selected randomly. Control patients were also chosen without knowledge of the patients' survival status.
Statistical analysis. The results were analyzed using the SPSS version 12.0 for Windows software package (SPSS Inc., Chicago, IL). The categorical variables were compared by Fisher's exact tests or Pearson 
RESULTS
Cohort study. During the study period, 298 patients with MSSA-B were identified. Of these, one patient who received teicoplanin and three patients who received quinolone were excluded in the final analysis. Of 294 MSSA-B patients, 216 (73%) were cured and 7 (2%) recurred. The overall death rate, non-SAB-related death rate, and SAB-related death rate at 12 weeks after the onset of SAB were 26% (76/294), 7% (21/294), and 19% (57/294), respectively. Of 57 patients with SAB-related deaths, 48 (84%) died within 14 days of collection of a blood sample for culture and 54 (95%) within 30 days. The mean time (Ϯstandard deviation [SD]) from the onset of bacteremia to SAB-related death was 9.3 Ϯ 8.9 days (range of 1 to 38 days). Twenty-seven (9%) of 294 patients with MSSA-B were classified as the vancomycin treatment group. Serum vancomycin levels were monitored in 14 (52%) of the total 27 patients with vancomycin treatment. The mean trough vancomycin level (ϮSD) was 14.8 (Ϯ6.3) g/ml. The remaining 267 MSSA-B patients were classified as the beta-lactam treatment group.
The clinical characteristics of MSSA-B patients receiving vancomycin and those receiving beta-lactam are shown in Table 1. MSSA-B patients treated with vancomycin were more associated with factors such as previous antibiotic use, neutropenia, underlying cardiovascular disease, and infection acquired in an intensive care unit than those treated with betalactam. By use of these characteristics, a multivariate logistic regression model to calculate the propensity score was developed, and this model included the following variables: old age (Ͼ65 years), previous antibiotic use, and underlying cardiovascular disease.
SAB-related mortality (37% versus 18%, P ϭ 0.02) and 14-day mortality (33% versus 15%, P ϭ 0.03) were significantly higher in the vancomycin group than in the beta-lactam group, while overall mortality (41% versus 24%, P ϭ 0.06) and 30-day mortality (33% versus 18%, P ϭ 0.06) did not show statistical significant differences between the vancomycin treatment group and the beta-lactam treatment group. Table 2 shows results of univariate analysis and multivariate analysis of the association of possible risk factors with SAB-related mortality.
Matched case-control study. There were 54 pairs of case and control patients who were matched for age, sex, McCabe and Jackson classification of severity of underlying illness, main underlying disease, and length of hospital stay. Overall, on the 14-point matching scale, the 54 controls had an average score of 12.2 points (SD of 1.7, range of 8 to 14). Baseline clinical characteristics and outcomes are shown in Table 3 . SAB-related mortality in case patients was 37% (10/27) and in control patients 11% (6/54) (P Ͻ 0.001, McNemar's test). Thirty-six matched pairs had a concordant outcome (31 pairs lived and five died). Eighteen pairs had a discordant outcome; in 17 of these, the case patient died and the control patient lived, and in one the case patient lived and the control patient died. Furthermore, time-specific mortality, such as 14-day or 30-day mortality, and overall mortality in case patients were significantly higher than those in control patients in this case-control study using the objective matching scoring system. In addition, we performed a propensity score-matched casecontrol study. There were 54 pairs of case and control patients who were matched on the basis of randomly selected closest propensity scores (Table 3) . SAB-related mortality in case patients was 37% (10/27) and in control patients 11% (6/54) (P ϭ 0.006, McNemar's test). Thirty-two matched pairs had a concordant outcome (30 pairs lived and two died). Twenty-two pairs had a discordant outcome; in 18 of these, the case patient died and the control patient lived, and in four the case patient lived and the control patient died. Furthermore, time-specific mortality, such as 14-day or 30-day mortality, and overall mortality in case patients were significantly higher than those in control patients in this propensity score-matched case-control study.
DISCUSSION
Glycopeptides are intrinsically less active against staphylococci than are antistaphylococcal beta-lactams (2, 3) . However, this is based on in vitro and in vivo experimental data (1, 15, 18) . There are limited clinical studies which have addressed the outcome of vancomycin treatment compared with that of betalactam treatment in patients with MSSA-B. Previous small studies suggested that vancomycin treatment was associated with higher mortality and relapse rate or longer duration of bacteremia than beta-lactam treatment (6, 7, 8, 10, 18) . However, these studies included patients with methicillin-resistant S. aureus infections treated with vancomycin (6, 7, 8, 10, 18) . Two previous studies addressed this issue extensively (4, 21) . However, the conclusion was weakened by the inadequate adjustment of confounding variables (4, 21) . A recent study analyzed 123 hemodialysis-dependent patients with MSSA-B, including 77 patients receiving vancomycin and 46 receiving beta-lactam (20) . The authors showed that vancomycin treatment in these patients with MSSA-B was associated with treatment failure (composite end point defined as death or recurrent infection). However, they found no significant difference in mortality between patients undergoing vancomycin treatment and patients undergoing beta-lactam treatment. In the current study, we demonstrated that patients with MSSA-B treated with vancomycin were at a higher risk of SAB-related deaths than were those receiving beta-lactam.
Vancomycin treatment was more closely correlated with previous antibiotic use, underlying cardiovascular disease, neutropenia, infection acquired in an intensive care unit, severe underlying disease, or long hospitalization than beta-lactam treatment. Therefore, uneven baseline clinical characteristics may distort the comparison of outcomes between vancomycin and beta-lactam treatment groups. Thus, an association of vancomycin treatment with mortality may have underestimated the efficacy of the vancomycin treatment due to inadequate adjustment for underlying disease or severity of clinical condition. Therefore, we applied different and complementary approaches for reducing the effects caused by these potential confounders. First, univariate and multivariate analyses in our cohort study revealed a significant association of vancomycin treatment with SAB-related mortality in patients with MSSA-B (odds ratio [OR] of 2.8, 95% confidence interval [95% CI] of 1.2 to 6.4; adjusted OR of 3.4, 95% CI of 1.2 to 9.3). In addition, when patients with vancomycin treatment were carefully matched with those with beta-lactam treatment by the objective score system, the impact of vancomycin treatment on outcome also remained significant (attributable SAB-related mortality of 26.0%, 95% CI of 6.4 to 45.6).
Propensity scoring is a powerful tool to compensate for the bias created by unequal chances of receiving different antibiotic treatments (12) . We have thus performed an additional analysis by using a propensity score to adjust for potential differences between vancomycin treatment and beta-lactam treatment. This additional analysis showed that vancomycin treatment was associated with SAB-related mortality when independent predictors for SAB-related mortality and propensity score were considered (adjusted OR of 3.3, 95% CI of 1.2 to 9.5). Furthermore, the propensity score-matched case-control study revealed that vancomycin treatment was significantly associated with increased mortality. We think that consistency in these different analytic approaches strengthens our finding on this important clinical question. Thus, our data support that vancomycin should be avoided as an alternative treatment to beta-lactam in patients with MSSA-B.
The limitation of this study was that we did not attempt to determine the factors influencing vancomycin treatment in the attending physicians' use of antibiotic treatment in patients with MSSA-B. Hence, we cannot rule out the possibility that any unmeasured confounding factor affects our results. One may be concerned that the comparative analysis between the vancomycin treatment group and the beta-lactam treatment group is not reasonable because the number of case patients was about 10-fold smaller than the number of control patients. However, we conducted a matched case-control study with a 1:2 ratio to overcome this uneven distribution of patients.
Some might also criticize that overall mortality or timespecific mortality is more objective as an outcome measure than infection-specific (or -related) mortality. However, we think that infection-related mortality, if it could be measured objectively, is more suitable for the object of our study since time-specific mortality might be affected by several factors other than infection itself. Indeed, according to a recent paper on a systemic review of the methods used to access the association between antibiotics and mortality, six (75%) of eight studies of SAB used infection-related mortality as the definition of mortality (16) . In our study, SAB-related mortality was relatively high (19%, 57 of 294 patients). This is because many of our patients had other serious underlying conditions, including old age, liver cirrhosis, and cancer. This may limit the generalizability of our findings.
In conclusion, our data suggest that vancomycin treatment adversely affects outcome in patients with MSSA-B. Therefore, our study supports the view that vancomycin treatment should be avoided in patients with MSSA-B when the use of betalactam antibiotics is possible.
